Abstract. I studied the relationship between behaviour and plasma testosterone level (T) and the seasonal changes in T and plasma corticosterone levels (B) in male red-winged blackbirds, Agelaius phoeniceus. I measured T and B using radioimmunoassay, and on the day after taking blood, I observed each male's behaviour for 60 min. The time that males spent conspicuously perched and the number of songs were positively correlated with T, but the proportion of time spent conspicuously perched and the frequency of song were not correlated with T. The frequency of aggressive encounters, sexual chases, epaulet exposure when singing and flights within the territory were positively correlated with T, suggesting a direct role for circulating testosterone influencing male aggressive behaviour. Both T and B increased early in the breeding season, peaked when the first females were receptive, and decreased through the remainder of the breeding season. Late in the season, the presence of a receptive female caused males to have increased T. The peak in T when the first females were receptive, the positive correlation between aggression and T, and the response to a receptive female with increased T support predictions of the challenge hypothesis. T was positively correlated with B, suggesting a cost to the males of maintaining high T. When a receptive female was present on the male's territory, T was negatively correlated with date. Male red-winged blackbirds in Indiana may respond less to receptive females late in the season when benefits associated with protecting paternity and gaining extra-pair fertilizations decrease.
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1998 The Association for the Study of Animal Behaviour Seasonal changes in male behaviour and steroid hormone levels are integral to the reproductive biology of birds (Wingfield & Farner 1980) . In the north-temperate region, increased daylength stimulates gonadal growth and an increase in plasma testosterone levels (T) to a baseline breeding level in male passerines (Wingfield & Farner 1980; Wingfield et al. 1990 ). During the breeding season, males typically have T well above baseline levels when they establish a breeding territory and when females are receptive to fertilization, and T is low when males are caring for their young (e.g. Wingfield & Farner 1978a, b; Silverin & Wingfield 1982; Hegner & Wingfield 1986; Morton et al. 1990 ). When T is experimentally increased in territorial males, it can cause them to increase the size of their territory and attract additional females (Watson & Parr 1981; Wingfield 1984a) , but this also interferes with parental care (Silverin 1980; Hegner & Wingfield 1987) , and experimentally increased T can cause increased mortality in both lizards and birds (Marler & Moore 1988; Dufty 1989; but see Nolan et al. 1992) . Increased plasma levels of corticosterone (B) are associated with stress (Harvey et al. 1984) , and during the breeding season, males typically have high B at reproductive stages when aggression is common and when they are feeding young (e.g. Wingfield & Farner 1978a, b; Silverin & Wingfield 1982; Hegner & Wingfield 1986) .
During the breeding season, testosterone is essential for the normal display of aggression, sexual behaviour and song in male passerines (Balthazart 1983) . Castration reduces or eliminates these behaviours, and the replacement of testosterone restores behaviour to near-normal (Arnold 1975; Harding et al. 1988) . Implants of testosterone in free-living males can cause them to become more aggressive, spend more time conspicuously perched on their territory, and
